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The haemodynamic significance of asymptomatic ST
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SUMMARY A transducer-tipped catheter with simultaneous frequency modulated electro-
cardiograms and a miniaturised tape recorder was used to record ambulatory pulmonary artery

pressure for 24-48 hours in 19 men (mean age 57 7) with clinical and angiographic evidence of
coronary artery disease. Sixty seven episodes of ST segment depression (> i mm) were recorded.
Thirty five were accompanied by pain of which six occurred at night; in 34 pulmonary artery

diastolic pressure rose significantly. In all but two of the 32 episodes of painless ST segment

depression (four of which were at night) there was a significant rise in pulmonary artery diastolic
pressure. No such rise was found in six normal subjects during exertion. ST segment changes
tended to occur before (24 episodes) or at the same time (27 episodes) as changes in pulmonary
artery diastolic pressure. ST segment depression followed an increase in pulmonary artery
diastolic pressure in only 13 episodes. The times to maximum ST depression and maximum
pulmonary artery diastolic pressure rise were similar. Painful and painless ST segment depres-
sion could not be distinguished on the basis of the configuration of the ST segment or in terms
of the changes in the pulmonary artery diastolic pressure.

Ambulatory electrocardiographic monitoring is now
widely used in the evaluation of patients with coro-
nary artery disease.' 2 During episodes of angina
transient ST segment depression develops.3" Simi-
lar electrocardiographic changes may also occur in
the absence of chest pain.5 `' In normal individuals
ST segment changes- unrelated to myocardial
ischaemia may occur during exercise, but in patients
with proven coronary artery disease the devel-
opment of ST segment depression, particularly at
low heart rates, is likely to indicate the presence of
myocardial ischaemia.8 10 Measurements of the left
ventricular end diastolic pressure or pulmonary
artery pressure by fluid filled catheters in the cor-
nonary care unit or catheter laboratory have shown
that left ventricular end diastolic pressure rises dur-
ing myocardial ischaemia. This was also evident
during silent ST segment depression, but the
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changes were less pronounced than during symp-
tomatic episodes." -13 No such investigations have
been performed in ambulant patients, however. We
have used ambulatory pulmonary artery pressure
monitoring with a transducer tipped catheter to
evaluate both painful and painless episodes of ST
segment depression ischaemia in patients with coro-
nary artery disease.14

Patients and methods

We studied 19 men (mean (SD) age 57-7 (11) years)
with clinical and angiographic evidence of coronary
artery disease. Nine had a previous myocardial
infarction (8 inferior, 1 anterior). Fifteen had three
vessel disease, two had two vessel disease, and one
had single vessel disease. All had positive exercise
tests and all patients had at least one episode of ST
segment depression on ambulatory monitoring over
a 24 hour period. In addition, a further six patients
with chest pain, normal coronary arteries, and nega-
tive exercise tests were studied as controls.
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Haemodynamic significance of asymptomatic ST segment depression
We excluded patients with evidence of heart fail-

ure, other forms of heart disease, and pulmonary
vascular disease. All antianginal medication other
than glyceryl trinitrate was discontinued at least 48
hours before the study and pulmonary artery pres-
sure monitoring was performed for at least 24 hours,
and where possible up to 48 hours. ST segment
monitoring was performed throughout this period.
The study was approved by the hospital ethics

committee and the patients gave their informed and
written consent.

ST SEGMENT MONITORING
ST segment monitoring was monitored on a fre-
quency- modulated recorder and leads CM2 and
CM5 were recorded.' The frequency modulated
electrocardiogram was replayed on an Oxford MA20
scanner. Changes in the ST segment were measured
80 ms after the J point to an accuracy of 0 1 mm by
means of a magnifying lens with graticule. Planar or
downsloping ST segment depression of > 1 mm
lasting at least 30 seconds was regarded as
important. The heart rate and ST segment changes
were analysed on a beat to beat basis for five minutes
before each episode and again up to five minutes
after the ST segment had returned to basal levels.

PULMONARY ARTERY PRESSURE MONITORING
A polyurethane 6 French NIH type catheter with a
miniature strain gauge transducer mounted on the
tip was used.'4 This was calibrated after immersion
in saline for one hour before use. The catheter was
introduced percutaneously via a subclavian vein to
the main pulmonary artery under fluoroscopy. The
transducer was driven and demodulated by an elec-
trically isolated Gaeltec pre-amplifier. The pul-
monary artery pressure was recorded on an Oxford
Medilog 1 miniature recorder that had been
modified by the insertion of an AM4 pressure mod-
ule. The pulmonary artery recorder was linked to
the frequency modulated electrocardiogram record-
ing by an event button that marked both the
frequency modulated electrocardiogram and the
pulmonary artery trace.
At the end of 24 to 48 hours of recording the pul-

monary artery catheter was removed and the
pulmonary artery pressure was replayed via a PB2
unit and a PM3 amplifier. This was displayed on an
SE Laboratories 6008 oscillograph. The entire
period of recording ofthe pulmonary artery pressure
was displayed on ultraviolet paper and measured
with calibrated scale from a zero reference point.
The pulmonary artery diastolic pressure was mea-
sured during both painful and painless episodes of
ST segment depression on a beat to beat basis for
five minutes before the onset of the earliest change in

pulmonary artery pressure and for five minutes after
the pulmonary artery pressure had returned to base-
line. In addition, any changes in pulmonary artery
pressure not accompanied by ST segment changes
were analysed in a similar manner. The pulmonary
artery diastolic pressure was measured at the end of
expiration to allow for respiratory variation.

ANGINA DIARY
Patients were instructed to keep diaries during the
period of ambulatory pulmonary artery pressure and
ST segment monitoring. They were asked to note
the time of onset and severity of chest discomfort
and their activity at the time of pain. In addition,
they were asked to press the event marker so that
both the ST segment and pulmonary artery trace
were marked.

STATISTICAL ANALYSIS
A significant change in the basal ST segment, heart
rate, or pulmonary artery diastolic pressure was
taken to be a change of at least 3 SD from the mean
level measured over five minutes before any change
in the pulmonary artery pressure. Wilcoxon rank
sum testing was used for analysis.

Results

Sixty seven episodes of ST segment depression
(> 1 mm) were recorded in the nineteen patients.
Thirty five episodes were accompanied by pain and
six of these occurred at night. In all but one of the
episodes of ST segment depression accompanied by
chest pain there was a significant increase in pul-
monary artery diastolic pressure. There were thirty
two episodes of ST depression that were not accom-
panied by chest pain and four of these occurred dur-
ing the night; in only two was no significant increase
in pulmonary artery diastolic pressure found. Most
episodes were maximal in lead CM5.
There were 31 episodes in which there was a

significant increase in pulmonary artery diastolic
pressure without ST segment depression of > 1 mm.
In 20 of these episodes a minor (< 1 mm) change in
the ST segment was recorded, but in 11 episodes no
alteration in the ST segment was seen. There was no
relation between the severity of ST segment change
and the size of the increase in pulmonary artery
diastolic pressure (table 1). The relation between the
time of onset of ST segment depression and the
onset of changes in pulmonary artery diastolic pres-
sure was variable, although ST segment changes
tended to occur before or at the same time as changes
in ptilmonary artery diastolic pressure (p < 0-01).
The onset of ST segment depression preceded the
earliest change in pulmonary artery diastolic pres-
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Table 1 Relation between the magnitude ofST segment depression and pulmonary artery diastolic pressure during painful
and silent episodes of myocardial ischaemia

ST segment
depression Daytime Daytime Nocturnal Nocturnal
(mm) painful painless painful painless

0 Increase inPADP (median (range)): % 70(36-85) 125(77-216) 23(23) 132(114-150)
mmHg 5 2(3-2-11) 11-1(7-13) 5(5) 8-5(8-9)

No ofepisodes 3 3 1 2
0-1 Increase inPADP (median (range)): % 67(50-97) 61 (30-105) 35(35) 44(44)

mmHg 7(4-10) 5-2(2-5-12-3) 3(3) 8(8)
Noofepisodes 10 10 1 1

1-2 Increase inPADP (median (range)): % 73(23-135) 66(0-200) 56 (0-108) 14 (0-39)
mmHg 7-4(18-11 9) 4-7(0-12-3) 5(0-6 5) 2-2(0-3 5)

Noofepisodes 19 23 4 3
>2 Increase in PADP (median (range)): % 108(23-237) 54(12-140) 51(44-57) 100(100)

mmHg 8-3(2-19-7) 7(1-5-14-6) 4(4) 3(3)
Noofepisodes 10 5 2 1

PADP, pulmonary artery diastolic pressure.

Table 2 Pulmonary artery diastolic pressure changes during ST segment depression

Daytime Daytime Nocturnal Nocturnal
painful painless painful painkss

Noofepisodes 29 28 6 4
ST segment depression (median

(range) (mm)) 1-5 (1-4) 1-4(1-3-2) 1-5(1-2-8) 1-4(1-2-3)
Increase in PADP (median (range)): % 87-5 (20-237) 66(0-200) 53(0-108) 26(0-200)

mm Hg 7-5 (1-8-19-7) 4-9(0-14-6) 4-5 (0-6 5) 2-6(0-3 5)
PADP before each episode

(median (range) (mm Hg)) 8-2 (4-18) 8-3(2-15-3) 9-5 (7-18) 7(3-18)

PADP, pulmonary artery diastolic pressure.

Pulmonary artery diastolic
pressure (mmHg)

STsegment depression
(mm)

rme (1 division = 6s)

Figure Changes in pulmonary artery diastolic pressure and the ST segment during an episode of myocardial ischaemia.
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sure in 24 episodes. In a further 27 episodes the pul-
monary artery diastolic pressure and ST segment
changes occurred simultaneously. ST segment
depression followed an increase in pulmonary artery
diastolic pressure in only 13 episodes.
There were no acute changes in pulmonary artery

diastolic pressure during ambulatory monitoring in
the six control subjects. When they were exercised
the median increase in pulmonary artery diastolic
pressure was 0mmHg (range 0-3). This increase in
pulmonary artery systolic pressure was similar to
that recorded in patients with coronary artery
disease.

PAINFUL VERSUS PAINLESS EPISODES
The magnitude of ST segment depression was
similar in episodes that occurred with or without
chest pain and in episodes that occurred during the
day or at night (p < 0 05) (table 1). Increases in pul-
monary artery diastolic pressure were also similar
during episodes of painful and painless nocturnal
and daytime ST segment depression. The basal pul-
monary artery diastolic pressure in the five minutes
before the onset of ST segment changes was no
different in painful and painless episodes of ST seg-
ment depression whether or not they occurred dur-
ing the day or at night (table 2). The maximum pul-
monary artery diastolic pressure tended to coincide
with the point of maximum ST segment depression
and both of these preceded the complaints of chest
pain (fig).

Discussion

There is considerable interest in the significance of
silent myocardial ischaemia.4 12 15 While prognostic
information and the therapeutic implications of
painless ST segment changes is still under
investigation,'6 17 previous studies of left ventricu-
lar function measured in the coronary care unit have
shown that left ventricular end diastolic pressure
rises during painless myocardial ischaemia. " In this
study of ambulant patients we have shown that tran-
sient abnormalities of left ventricular functions, as
reflected by alterations in pulmonary artery diastolic
pressure, do occur during painful and painless epi-
sodes of ST segment depression. In 1958 Muller
and R0rvik first saw an abnormal increase in pul-
monary artery pressure in two patients with sponta-
neous angina.'8 Other studies have confirmed these
observations.'9 - 21 In the absence ofpulmonary vas-
cular disease and mitral valve obstruction, the pul-
monary artery diastolic pressure correlates well with
left ventricular pressure.'422 We have used this
relation to develop a technique to record the pul-
monary artery pressure in aubulant patients-'t This-

has permitted the significance of symptomatic and
asymptomatic ST segment changes to be examined
in ambulant patients. The introduction of a cardiac
catheter into the left ventricle or pulmonary artery
with recordings made in the coronary care unit or
catheter laboratory does not permit normal phys-
iology to be studied and considerable caution is nec-
essary in interpreting the findings of such studies in
painless ischaemia.

Several studies have shown that only about 30%
of episodes of ST segment depression that occur in
patients with angina pectoris during 24 hour ambu-
latory monitoring are accompanied by chest
pain. 22324 Examination by positron tomography
has confirmed that painless episodes of ST segment
depression are accompanied by myocardial
ischaemia detected by abnormal uptake of
rubidium-82.2527 We found that each episode of
ST segment depression was accompanied by an
increase in pulmonary artery diastolic pressure. The
extent of this increase varied from episode to episode
even within the same patient, but in general both
painful and painless episodes of ST segment depres-
sion were accompanied by similar increases in pul-
monary artery diastolic pressure. Furthermore, the
increase in pulmonary artery diastolic pressure was
independent of the magnitude of ST segment
depression recorded on ambulatory monitoring.
Indeed, when only a minor change in the ST seg-
ment was seen it was still possible for there to be a
large increase in pulmonary artery diastolic pres-
sure. It is impossible to assess the full extent of ST
segment changes in only two electrocardiographic
channels. There was no alteration in pulmonary
artery diastolic pressure in the control subjects dur-
ing ambulatory monitoring or treadmill exercise.
We cannot be certain that the patient pressed the

event button at the same time as the onset of chest
pain. The timing of the onset of ST segment change,
rise in pulmonary artery diastolic pressure, and the
patient's awareness of the development of chest pain
must be interpreted with caution.28 29 The sequence
of events was similar, however, to that described in
previous. catheterisation studies' 1213 30 in which
the ST-segment changes usually preceded changes
in pulmonary artery diastolic pressure and both
occurred before the patient complained of chest
pain.
Our finding that symptomatic and silent episodes

of ST segment depression are associated with con-
siderable alterations in left ventricular function is
similar to previous reports." Because patients took
glyceryl trinitrate we were unable to compare the
duration of rise in pulmonary artery diastolic pres-
sure during silent and symptomatic episodes of ST
segment depression.
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In conclusion, episodes of painful and painless ST

segment depression are associated with similar hae-
modynamic changes. The prognostic and thera-
peutic implications of these findings need to be
explored.

We thank the Clinical Research Committee of the
National Heart and Chest Hospitals for financial
support.
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